Objective: Our aim was to evaluate the bacterial profiles of young monkeys as they were weaned into peer groups with a particular focus on Prevotella, an important taxon in both human and nonhuman primates. The weaning of infants and increased social contact with peers is a developmental stage that is likely to affect the gut microbiome. Methods: Gut bacteria were assessed in 63 rhesus monkeys living in social groups comprised of 4 to 7 individuals. Two groups were assessed prospectively on day 1 and 2 weeks after rehousing away from the mother and group formation. Ten additional groups were assessed at 2 weeks after group establishment. Fecal genomic DNA was extracted and 16S ribosomal RNA sequenced by Illumina MiSeq (5 social groups) and 454-amplicon pyrosequencing (7 social groups). Results: Combining weaned infants into small social groups led to a microbial convergence by 2 weeks (p < .001). Diversity analyses indicated more similar community structure within peer groups than across groups (p < .01). Prevotella was the predominant taxon, and its abundance differed markedly across individuals. Indices of richness, microbial profiles, and less abundant taxa were all associated with the Prevotella levels. Functional Kyoto Encyclopedia of Genes and Genomes analyses suggested corresponding shifts in metabolic pathways. Conclusions: The formation of small groups of young rhesus monkeys was associated with significant shifts in the gut microbiota. The profiles were closely associated with the abundance of Prevotella, a predominant taxon in the rhesus monkey gut. Changes in the structure of the gut microbiome are likely to induce differences in metabolic and physiologic functioning.
INTRODUCTION
R ecent research has highlighted the significance of the gut microbiome for promoting the health and normal development of young infants, not only for digestive and immune function but also via effects of the enteric nervous system and gut-associated lymphoid tissue on the brain (1) (2) (3) (4) (5) (6) (7) . Other studies have demonstrated that the mode of delivery, vaginal versus cesarean section, and parental decisions regarding breast-or formula-feeding can influence the establishment the infant's gut microbiota, affecting both the diversity and richness of the microbial community (4) (5) (6) . In addition, there seems to be another important developmental transition that coincides with weaning. Social contact with peers and cohabitation may further influence the microbiome composition of the developing individual (7) (8) (9) . Our study focused on this second maturational stage in young monkeys as they were transferred away from their mothers into small social groups with peers. Typically, in a natural troop, this progressive movement away from the mother is gradual and takes place over several months; but in captive settings, such as a laboratory, it is common to rehouse an entire group of weanlings on the same day.
This social transition in young monkeys results in a period of behavioral agitation and activates stress physiology for several days followed by recovery as they become familiar with the new environment and with peers (10) (11) (12) . Using traditional microbiological culture methods, it was shown that there are alterations in the infant monkeys' gut microbiota, which were maximal at 3 days after weaning, followed by what seemed to be a return to the original set points after 1 to 2 weeks (13) . However, those analyses were done with selective media to culture-specific taxa, including lactobacilli and bifidobacteria. Thus, we were interested in using more current 16S rRNA gene sequencing and phylogenetic analyses to evaluate the microbial community. An initial experiment prospectively compared the microbiota as monkeys were rehoused away from the mother to their profiles 2 weeks later. Then, 2 more experiments evaluated how Prevotella, a prominent taxon in the adult monkey gut, was associated with the microbial profiles that emerged in peer groups.
Although Prevotella spp are commonly found to be a dominant component of the gut microbiota in nonhuman primates (14, 15) , they seem to be a major factor only in certain human populations (16, 17) . Differences in the abundance of Prevotella in humans reflect a strong influence of diet. For example, studies comparing urban and rural populations reported that Prevotella were more common when children or adults consumed a high-fiber-based diet (6, 18, 19) . In keeping with this perspective, experimental diet manipulations showed that increased fiber intake favors Prevotella (20, 21) and that glucoregulatory function in both humans and mice is improved by fiber intake in a Prevotella-dependent manner (22) . In addition, Prevotella also seems to correlate with other microbial differences between lean and obese adults, associated with both the overall bacterial composition and digestive efficiency (23, 24) . In contrast to these seemingly positive effects, some clinical studies concluded that elevations in Prevotella may be a signature feature of the dysbiosis seen in autoimmune conditions, such as rheumatoid arthritis (25) (26) (27) .
When comparing across species, it should not be assumed that Prevotella would necessarily be indicative of better or worse health in nonhuman primates. A longitudinal evaluation of infant monkeys either breastfed or raised on formula by humans found that Prevotella were more abundant in the mother-reared infants (28) . Both more Prevotella and Campylobacter were associated with healthier concentrations of arachidonic acid in the infants' stool, which seemed to contribute to a beneficial increase in the number of regulatory T cells (T H 17) in circulation. These microbial differences in the mother-reared monkeys persisted after the infants were rehoused at 6 months of age, which is the developmental stage we evaluated. Our analyses focused on individual differences in Prevotella abundance as a potential biomarker of the bacterial community structure and the predicted impact on metabolic processes in the infant's gut. Because we examined 12 different groups, we also looked for signs of microbial convergence among members of each group.
METHODS Subjects
Sixty-three mother-reared infant rhesus monkeys (Macaca mulatta) were assessed in small social groups. Both the mothers and infants were part of a long-established breeding colony, which was housed indoors under controlled environmental conditions. Infants were 7 to 8 months of age when specimens were obtained during the first 2 weeks after being simultaneously rehoused into groups of 4 to 7 peers. Only healthy infants were selected, excluding any with diarrheic symptoms or loose stool before or during the assessments. Infant monkeys of this age are already eating the solid food diet provided at our facility.
Mothers and peer groups were all fed a standardized diet of laboratory monkey chow (PMI Nutrition International, Richmond, IN), supplemented with fresh fruits and vegetables. Water was available ad libitum. Ambient temperature was controlled at a mean 21°C, and the light dark schedule was 16:8 with lights on at 6:00 am. Specimens were collected between 9:30 am and 11:30 am. During the maternal phase, the infants lived in different cages, either with just the mother or with another dyad. Peer groups were housed in larger pens or runs.
Ethics Statement
Husbandry and experimental procedures were approved by the Animal Care and Use Committee at the University of Wisconsin-Madison.
Specimen Collection
To analyze each animal's microbiota, rectal swabs were obtained using a BBL CultureSwab Collection & Transport System swab/tube (Becton Dickinson, Cockeysville, MD) and stored at −60°C. until analyzed. For the first study, 11 infants were assessed as they were rehoused into 2 peer groups. Rectal swabs were obtained on the first day as well as at 2 weeks after group formation. The second study was comprised of 2 data sets. The first data set combined the 2-week samples from the 2 peer groups in the first study with rectal swabs obtained from 3 additional groups that had also been established for 2 weeks (19 additional animals). We used the Illumina MiSeq method to analyze the samples from Study 1 as well as the additional samples for Study 2. In addition, a second set of samples was incorporated into Study 2 analyses as a replication. This second set consisted of rectal swabs from 7 other peer groups, comprised of 33 monkeys in total, which were also collected at the 2-week time point. This comparison enabled us to determine if similar conclusions would be reached about the infants' microbiota using the earlier methodology of 454-amplicon pyrosequencing.
Isolation of Genetic Material
After thawing 41 rectal swabs for the Illumina MiSeq analysis, total DNA was isolated using the PowerSoil DNA Isolation Kit (MoBio, Carlsbad, CA), according to the manufacturer's protocol. The purified genomic DNA extracts were quantified using a Qubit 2.0 Fluorometer (Life Technologies, Carlsbad, CA), and stored at −20°C in 10-mmol/L Tris buffer until the DNA was sequenced.
For the 16S rRNA gene amplicon 454 pyrosequencing, specimens were analyzed similar to previously described methods (29) . In brief, fecal material from the swabs was resuspended in RLT buffer (Qiagen, Valencia, CA) (with ß-mercaptoethanol). Bacterial lyses were generated in a Qiagen TissueLyser (Qiagen), and the DNA recovery protocol followed instructions for the QIAamp DNA Mini Kit (Qiagen). The genomic extract was eluted and quantified using a Nanodrop spectrophotometer (Nyxor Biotech, Paris, France).
16S Ribosomal RNA Gene Sequencing
Polymerase chain reaction amplification of the V4 variable region of the 16S rRNA gene using V4 region specific primers (515F-806R) and amplicon sequencing were performed by Institute for Genomics & Systems Biology at the Argonne National Laboratory (Argonne, IL) on the Illumina MiSeq Platform per manufacturer's guidelines.
For the 454 Amplicon pyrosequencing (bTEFAP), the methods of Dowd et al were used (30, 31) . The 16S rRNA gene V4 variable region polymerase chain reaction primers 515/806 (32) were used with a HotStarTaq Plus Master Mix Kit (Qiagen). Samples were sequenced on a Roche 454 FLX titanium sequencer using reagents following the manufacturer's guidelines.
Data Processing and Statistical Analyses
The sequences were analyzed using Quantitative Insights into Microbial Ecology (QIIME) (33) . Sequences were demultiplexed and quality filtered, per QIIME defaults (minimum sequence length, 200; maximum sequence length, 1000; minimum average quality score, 25; maximum ambiguous bases, 6; maximum length of homopolymer, 6; maximum number of primer mismatches, zero; maximum number of barcode errors, 1.5; and did not retain unassigned reads). Operational taxonomic units (OTUs) were assigned to the Greengenes (v. 2013_May) database (34-36) using PyNAST at 97% similarity through UCLUST and the closed reference OTU picking in QIIME (37) . Because the number of genomic 16S copies varies across the bacterial taxa, not taking 16S copy number into account can lead to significant errors in reported relative abundances (38) . Therefore, we normalized the OTU tables by dividing each OTU by the known, or predicted, 16S copy number through implementation in Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) (39) . Because of our interest in testing for differential abundance of specific taxa, in addition to differences in microbial community structure), we followed current recommendations against the rarefaction of 16S rRNA data, and instead accounted for unequal sampling by normalizing our data through the parametric method, metagenomeSeq, implemented in QIIME (40) . One case that exhibited less than 1000 sequences per sample (703.0 sequences) was discarded before the diversity analyses or taxonomic assignments. Though rarefactions were not used for any analyses, rarefaction curves were generated and inspected before any subsequent analyses to determine whether sampling depth was sufficiently accurate to characterize the gut microbiota.
Furthermore, we generated the Faith's Whole Tree index of phylogenetic diversity (as well as other common indices: Shannon index, chao1, and Observed Species) to examine sample richness, or alpha diversity, and weighted UniFrac dissimilarity matrices to examine differences in microbial community structure (beta diversity) while accounting for both microbial abundances and phylogenetic relatedness, as well as unweighted UniFrac, which only accounts for taxa presence/absence (41, 42) . These measures were generated using QIIME and principal coordinates (PCoA) obtained through EMPeror (43) . Phylogenetic Investigation of Communities by Reconstruction of Unobserved States was also used to predict microbial metagenomes from Kyoto Encyclopedia of Genes and Genomes (KEGG) orthologs to assess potential shifts in the metabolic activity of the microbiota with respect to functional pathways (39) . Although the nonhuman primate gut microbiota composition is relatively similar in composition to humans, the rhesus gut microbiome is not a commonly reported biosphere. Therefore, we used the weighted Nearest Sequenced Taxon Index to inspect the extent to which the bacteria in our samples were related to sequenced reference genomes as a quality control for Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (39) .
Significance testing was carried out by various implementations in QIIME, and PAleontological Statistics (44) , including analysis of similarity (ANOSIM) for beta diversity indices (if PERMDISP showed significant inequality of variances across comparison group variance, or PERMNOVA, if PERMDISP indicated equality of variance across groups), nonparametric t tests (Kruskal-Wallis), Pearson correlations (bootstrapped when appropriate), and graphing. All permutation-based comparisons were carried out with 999 permutations. Taxonomic analyses were restricted to abundant bacteria (abundant taxa were retained by filtering out bacteria that did not meet a minimum 1% composition in total observations across samples), presented and analyzed at the genus level only. When multiple comparisons were performed on taxonomic units, p values were False Discovery Rateadjusted (Benjamini-Hochberg False Discovery Rate procedure).
RESULTS
Several quality control measures were generated. Alpha rarefaction curves ( Figure S1 , Supplemental Digital Content 1, http:// links.lww.com/PSYMED/A372), Nearest Sequenced Taxon Index scores and sample sequence counts all reached satisfactory quality to proceed with the subsequent analyses. Mean (SD) Nearest Sequenced Taxon Index scores for the longitudinal study, crosssectional 454 and Illumina data sets were 0.11 (0.02), 0.14 (0.01), and 11.4 (0.2), respectively. The average sequence counts per sample are presented in Table 1 .
Weighted UniFrac distances were calculated for the 11 monkeys sampled on the day of group formation and at 2 weeks. Two-axis PCoA coordinates were generated to summarize dissimilarities in microbial profiles, and revealed that the 2 sets of 11 samples clustered separately (Fig. 1A) . Analysis of similarity indicated a significant difference in community structure over time from the day of formation to when the group was more established at 2 weeks (R = 0.603; p < .001). Unweighted UniFrac analyses yielded comparable results (R = 0.395; p < .001). Analyses of beta diversity provided further evidence for a convergence in microbial profiles (Fig. 1B) . Unpaired t-test comparisons of mean dissimilarity distances among gut microbiota profiles indicated that sample-to-sample distances decreased by 2 weeks in the group-living monkeys compared to when the infants had first come from different cages with just their mothers (t = 4.28; p < .001). Despite this convergence in microbial community structure, there was not a net loss of richness or bacterial diversity between day 1 and 2 weeks (t = 0.39; p = .740). Taxonomic analyses indicated shifts in bacterial composition at the genus level. Prevotella significantly decreased by 2 weeks (t = 4.45; p = .002), although it continued to be the predominant taxon at both time points. When the lower Prevotella abundance was paralleled, increments were observed in the proportions of other common genera, evident in those more prevalent than 1% (Table 2) . Phylogenetic Investigation of Communities by Reconstruction of Unobserved States analysis referencing KEGG Orthology database predicted potential shifts in functional pathways based on the estimated genomic content represented by the microbiota present in each monkey. The predictions suggested shifts in many metabolic pathways, including those related to genetic and environmental information processing (i.e., gene regulation, signaling, and membrane transport) and cellular processes (i.e., cell growth and death, transport, and catabolism), which would be expected under new environmental pressures and with a reshaping of the microbial community ( Table 3 ). The KEGG predictions also indicated potential increases in carbohydrate and lipid metabolism, xenobiotic biodegradation, and metabolism, as well as biochemical pathways implicated in infectious disease in humans. Functional pathway predictions further suggested that the microbiota changes associated with the social group transition would lead to a decrease in processes related to energy metabolism; glycan biosynthesis; metabolism of cofactors and vitamins, terpenoid, and polyketides; and affect the regulation of host digestive and immune processes FIGURE 1. Analyses of beta diversity based on weighted UniFrac. A, There was a significant shift in the microbial community structure from the day of rehousing away from the mother to 2 weeks after peer group formation. The relative distance between samples illustrates the magnitude of dissimilarity in the profiles. B, At 2 weeks, the dissimilarity in microbial community structure was significantly lower than on the first day, indicating a convergence in gut microbiota profiles. (Table 3 ). More detailed summaries of these pathway analyses are presented in Table S1 , Supplemental Digital Content 2, http:// links.lww.com/PSYMED/A373. Assessment of 5 social groups at the 2-week time point using Illumina MiSeq (by considering 3 additional groups) and 7 other peer groups using 454 pyrosequencing (also swabbed at 2 weeks after group formation) yielded similar results on the abundance of Prevotella relative to other abundant taxa (Table 4) . There was significant variation in Prevotella across individuals. Prevotella abundance ranged between 5.1% and 13.6% in the MiSeq data, and between 3.0% and 21.6% in the 454 data (Table 1) . Two weeks after rehousing, the Illumina MiSeq method detected a total of 400 distinct bacteria at the genus level, although many were classifiable only at higher taxonomic levels. Eighteen genera passed the 1% abundance threshold for our taxonomic comparisons. The 454 pyrosequencing method detected 173 bacteria, 16 of which passed the 1% abundance threshold.
Analyses of alpha diversity, using both MiSeq and pyrosequencing methods, revealed lower phylogenetic richness (Faith's Phylogenetic Diversity index) with increasing Prevotella abundance (Fig. 2, A and B) (r = −0.349; p = .047 and r = −0.733; p < .001, respectively). Other indices of richness that do not account for genetic relatedness were also examined, yielding similar results. Using the pyrosequencing method, Chao1, Observed Species and Shannon indices also indicated a negative trend, but they did not reach statistical significance (p = .239, p = .236, and p = .272, respectively). However, the Illumina MiSeq method detected strong and significant negative correlations between Prevotella and these same indices (r = −0.518, r = −0.635, and r = −0.671 and p = .003, p< .001 and p < .001, respectively). The abundance of other common genera (more than 1%) was also significantly correlated with Prevotella, although these relationships again were stronger when quantified by MiSeq (Table S2, To analyze beta diversity, the monkeys were categorized into standardized quartiles according to Prevotella levels within each data set. Beta diversity indices for both pyrosequencing and MiSeq methods were sufficiently sensitive to show a main effect of Prevotella classification on the compositional structure of the microbiota community across the quartiles (Fig. 3) . Analyses of pyrosequencing data using weighted and unweighted UniFrac showed significant differences in beta diversity (PERMANOVA, pseudo-F = 5.42; p < .001; PERMDISP, p = .063) and (PERMANOVA, pseudo-F = 1.545; p < .001; PERMDISP, p = .486), respectively; as did the analyses of the MiSeq data, using both weighted and unweighted UniFrac (PERMANOVA, pseudo-F = 4.66; p < .001; PERMDISP, p = .77) and (ANOSIM, R = 0.141; p = .002; PERMDISP, p = .027), respectively.
Individual differences in Prevotella abundance and associated microbial taxa were predictive of major metabolic differences, whether assessed at the broad functional level (Table 5) or with respect to specific pathways (Table S1 Supplemental Digital Content 2, http://links.lww.com/PSYMED/A373). Kyoto Encyclopedia of Genes and Genomes orthologs-derived predictions suggested significant differences in cellular growth and death processes as well as in the sensing, processing, and regulation of genetic and environmental information. Our analyses of KEGG predictions suggested that shifts in Prevotella abundance are accompanied by genetic and physiological processes associated with the reshaping of the microbiome. While our assessment did not allow us to determine whether Prevotella can exert a direct influence on the metabolic potential of the host, the abundance of Prevotella was strongly associated with predicted metabolic shifts within the microbiota.
According to our KEGG predictions, glycan biosynthesis and metabolism (which includes the biosynthesis of lipopolysaccharides) would likely increase. Shifts in Prevotella abundance and associated taxa would also affect the metabolism of cofactors and vitamins, influencing the efficiency of energy use. Individual differences in Prevotella also correlated significantly with pathways affecting carbohydrate, mineral, and protein digestion and absorption, which would potentially influence energetic harvesting efficiency. Conversely, a down-regulation of carbohydrate and lipid metabolism was also predicted by high levels of Prevotella. Prevotella abundance was further associated with multiple pathways involved in the metabolism of terpenoids and polyketides, some known to moderate the effects of phytochemicals and responses to pharmaceutical drugs. Overall, the predicted shift in metabolic potential of the gut microbiota was similar for both the pyrosequencing and MiSeq data. In addition, the differences in metabolic pathways observed for monkeys with low Prevotella were similar to the predicted changes observed when comparing monkeys in study 1 from day 1 to 2 weeks as Prevotella abundance decreased after group formation. Notwithstanding the heterogeneity of the gut bacterial composition across animals, examination of PCoA plots of beta diversity indicated a degree of convergence ( Fig. 1) and clustering of gut microbiota profiles among the members of a peer group ( Figure S4 , Supplemental Digital Content 1, http://links.lww.com/PSYMED/ A372). Statistically significant differences in beta diversity were found despite variability among abundant taxa and overlap across some groups. Indices of dissimilarity were significantly greater across groups than within groups in the MiSeq data (PERMANOVA, pseudo-F = 2.16; p = .004; PERMDISP, p = .712 and PERMANOVA, pseudo-F = 1.34; p = .001; PERMDISP, p = .217) weighted and unweighted UniFrac, respectively, as well as in the pyrosequencing data (ANOSIM, R = 0.269; p = .002; PERMDISP, p = .003 and PERMANOVA, pseudo-F = 1.42; p = .001; PERMDISP, p = .288), weighted and unweighted UniFrac, respectively.
DISCUSSION
Our analyses confirm a previous paper reporting that the transition of a young monkey from its mother to living with other weaned monkeys can affect gut bacteria (13) . That finding was based on traditional culturing methods and documented transient changes in gram-negative bacteria and select taxa, including lactobacilli and bifidobacteria. Using more current methods, we were able to evaluate the bacterial community structure, which evinced significant change, but in other ways remained fairly stable after the FIGURE 2. Examination of sample richness in young rhesus monkeys at 2 weeks after formation of small social groups indicates that high Prevotella abundance was associated with lower phylogenetic diversity. This relationship was found both with the Illumina MiSeq (A) and 454-pyrosequencing (B) platforms.
new peer groups were established. This interpretation concurs with a different study of mother-reared and human-reared infant monkeys, which concluded that lasting differences in the gut microbiota were induced by early rearing conditions, but that the microbiome remained constant at 9 and 12 months of age, after all of the monkeys had been rehoused at 6 months of age (28) . When separated from the mother at this age, infant rhesus monkeys are already feeding on solid food. Rhesus mothers wean their infants from breast milk at approximately 4 months after birth, at which point infants already rely mostly on solid foods (45) . Thus, it is likely that the transient changes observed in the gut microbiota were induced by the psychological disturbance associated with the relocation away from the mother and the contact with new conspecifics, including exposure to their fecal matter. Both transient and persistent changes in gut bacteria and function have been observed after acute and chronic psychological stress (29, 46) . Prior research also indicated that Prevotella can be specifically responsive to acute psychological stressors, even in the absence of significant shifts in diversity or structure (47) . Although our methods did not allow us to establish the directionality of effects, the association between Prevotella abundance and the community structure and predicted metabolic function are consistent with other studies indicating that Prevotella can affect the overall composition and stability of the gut microbiota in humans (6, 16, 17, (48) (49) (50) . However, we also cannot rule out the possibility that the observed effects were, at least in part, driven by taxa that covary with Prevotella, even when present at much lower abundances. It is known that Prevotella can establish symbiotic relationships with other commensal bacteria in other body compartments (51) (52) (53) . Further research is needed to determine the role of Prevotella in constricting and modulating other taxa.
Reference to the KEGGs orthologs, and the genes associated with the represented microbial taxa, generated predictions about the likely metabolic potential of these microbial profiles. The predicted metabolic shift after group formation makes intuitive sense with respect to the energetic and metabolic challenges faced by young monkeys during this transition. Changes associated with group formation were also consistent with the prediction from cross-sectional evaluation of individual monkeys based just on Prevotella abundance. Furthermore, the predictions concur with how Prevotella spp and Prevotella-associated taxa have been linked to caloric harvesting (18, (54) (55) (56) and its modulatory effects on host immune responses (54) (55) (56) (57) (58) (59) . Future research will now have to determine if these metabolic predictions hold up with an evaluation of systemic metabolism in monkeys that vary in Prevotella abundance.
Notwithstanding our assessment of many monkeys, and using 2 different platforms for the bacterial sequencing and identification, these analyses have several limitations. The bacterial DNA was isolated from rectal swabs and thus reflects the microbiota present in fecal matter. Fortunately, research by other investigators who had access to gut tissue and lumenal content from monkeys already documented that the relative prevalence of the primary taxa in stool is reflective of their numbers in the distal gut (15) . A second limitation was our focus on one time point after group formation. Additional microbial changes may occur over time as the groups became more established. However, previous studies on weaned monkeys indicated that the major stress-related changes subside by 1 week (13) . Specimen collection at one time point enabled us to maximize the number of social groups that could be assessed, evaluating all monkeys at the same age and stage.
In sum, this research characterized the microbial community structure of young rhesus monkeys and identified the major taxa to be similar to reports on adult rhesus and cynomolgus monkeys (14, 15) . It likely also reflects the consumption of solid foods, which typically begins by 3 months of age in monkeys as the mother naturally weans her infant. Thus, the microbial community structure is different from the one seen in very young infants still actively breastfeeding (28) . Our analyses also highlight the importance of Prevotella as an important feature of the bacterial community structure. Given its abundance, Prevotella is likely to contribute not only to energetic harvesting and the adaptation to various diets but also to the neurochemical signaling to the gut and nervous system. Despite extensive variability in the bacterial community structure, analyses of beta diversity indicated that members of a peer group tended to be more similar among themselves than between groups. The clustering of gut microbiota profiles by peer group is consistent with our first experiment showing that microbiotic dissimilarity within a group decreased by 2 weeks after group formation. Microbial convergence within a group would also be in keeping with reports of similar microbial profiles among members of the same household, for farm animals in a shared pen, and even between children and their pet companion animals (57-61). Cohousing and cohabitation effects on the microbiota have also been noted in other rodent and primate studies (7) (8) (9) . To directly test this question, our current research is determining if developing monkeys will continue to maintain stable differences in the prevalence of specific taxa, which may offer protective or metabolic advantages.
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